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passage  14  provided  in  the  wall  of  the  tube  1,  extends  to  the 
outside  of  the  tube  1  through  a  pipe  13  provided  on  the  outer 
wall  of  the  tube  1,  said  pipe  13  having  a  diameter  smaller 
than  that  of  the  tube  and  extending  parallel  to  the  center  line 
of  the  tube  1  from  the  passage  14  to  the  rear  extremity  3  of 
said  tube. 

(sy  Anode  element  for  use  in  a  cathodic  protecting  system. 
An  anode  element  for  use  in  a  cathodic  protecting 

system  comprises  a  tube  1  having  a  pointed  front  extremity  2 
and  a  rear  extremity  3  adapted  to  be  acted  upon  by  an  impact 
force.  The  tube  1  is  filled  with  a  granular  carbon-containing 
material  18  having  a  metal  rod  provided  therein.  Connected 
to  the  rod  4  is  an  electrical  connecting  cable  10  which,  via  a 

passage  14  provided  in  the  wall  of the  tube  1,  extends  to  the 
outside  of the  tube  1  through  a  pipe  13  provided  on  the  outer 
wall  of  the  tube  1,  said  pipe  13  having  a  diameter  smaller 
than  that  of  the  tube  and  extending  parallel  to  the  center  line 
of  the  tube  1  from  the  passage  14  to  the  rear  extremity  3  of 
said  tube. 



BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  anode  e l emen t   for  u s e  

in  a  c a t h o d i c   p r o t e c t i n g   sys tem  and  p r o v i d e d   wi th   a  meta l   t u b e ,  

the   one  e x t r e m i t y   of  which  is  p o i n t e d   and  the  o t h e r   e x t r e m i t y   o f  

which  is  a d a p t e d   to  be  a c t e d   upon  by  an   i m p a c t o r ,   an  e l e c t r i c a l l y  

c o n d u c t i v e   rod  d i s p o s e d   w i t h i n   the  tube  a l i g n e d   wi th   the  c e n t e r  

l i n e   of  the  tube  and  spaced   from  the  tube  wal l   and  hav ing   a  l e n g t h  

s m a l l e r   than  the  t ube ,   a  c o n n e c t i n g   cab le   c o n n e c t e d   to  the  rod  a n d  

e x t e n d i n g   to  the  o u t s i d e   of  the  tube  via   a  p a s s a g e   p r o v i d e d   in  t h e  

tube   wa l l ,   and  a  q u a n t i t y   of  g r a n u l a r   c a r b o n - c o n t a i n i n g   f i l l i n g  

m a t e r i a l   w i t h i n   the  tube ,   the  f i l l i n g   m a t e r i a l   be ing   in  c o n t a c t  

wi th   the  rod  and  with  the  tube   w a l l ,   which  f i l l i n g   m a t e r i a l   c a n  

be  kept   w i t h i n   the  tube  by  means  of  a  d i s k - s h a p e d   s e a l i n g   p r o v i d e d  

at  the   o t h e r   e x t r e m i t y   of  the   t u b e .  

An  anode  e l emen t   of  t h i s   type   is  known  from  U.S.  P a t e n t   No. 

2 , 0 5 3 , 2 1 4   i s s u e d   to  R.C.  BROWN,  on  Sep tember   1,  1936.  In  s a i d  

known  anode  e l e m e n t ,   the  rod  p r e f e r a b l y   c o n s i s t s   of  p r e s s e d   g r a -  

p h i t e ,   and  in  the  v i c i n i t y   of  the  o t h e r ,   du l l   e x t r e m i t y   of  the  t u b e  

the   end  of  the  rod  and  an  end  of  the  c o n n e c t i n g   c a b l e   are  e n c l o s e d  



in  the  d i s k - s h a p e d   s e a l i n g   which  is   s u p p o r t e d   a l l   a round  a g a i n s t  

the   i n n e r   wa l l   of  the   t ube ,   the   s e a l i n g   be ing   g a s - i m p e r m e a b l e   a n d  

c o n s i s t i n g   of  c a r b o n   and  a s p h a l t   or  any  o t h e r   s u i t a b l e   m a s t i c   m a t e -  

r i a l .   The  rode  may  a l s o   c o n s i s t   of  c o p p e r   or  s t e e l   with  a  c o v e r i n g  

of  g r a n u l a r   s i l i c o n   c a r b i d e   or  z i r c o n i u m .   Such  a  form  of  c o n s t r u c -  

t i o n   of  the   known  anode  e l ement   u s i n g   a  po rous   f i l l i n g   and  a  p o r o u s  

s u r f a c e   of  the   rod  is   aimed  to  e x t e n d   the   d i s i n t e g r a t i o n   t ime  o f ,  

in  p a r t i c u l a r ,   the   r o d .  

A  heavy  m e t a l   d r i ve   cap,  for   example   of  wrought   i r o n ,   i s  

p l a c e d   over  the  d u l l   e x t r e m i t y   of  the   t u b e .   The  c o n n e c t i n g   c a b l e  

is  r o u t e d   to  t he   o u t s i d e   of  the  tube   v i a   a l i g n e d   p a s s a g e s   w h i c h  

are  formed  in  the   tube   wal l   of  the   d u l l   e x t r e m i t y   of  the   tube   a n d  

in  the  cap  f l a n g e   e x t e n d i n g   over   t h i s   e x t r e m i t y .  

This   known  anode  e l ement   has  the  drawback  t h a t   i t   is  n o t  

s u f f i c i e n t l y   a d a p t e d   to  be  d r i v e n   i n t o   the   ground  c o m p l e t e l y .  

Dur ing  the  d r i v i n g   o p e r a t i o n ,   the   cap  p r o v i d e d   on  the  d u l l   e x t r e -  

mity  of  the   tube   would  cause  an  u n d e s i r a b l e ,   g r e a t   r e s i s t a n c e   w i t h  

the  s u r r o u n d i n g   e a r t h ,   whi le   the   c o n n e c t i n g   cab le   may  be  d a m a g e d  

by  the  s u r r o u n d i n g   e a r t h   d u r i n g   s a i d   d r i v i n g   o p e r a t i o n ,   p a r t i c u l a r -  

ly  so  i f   the   g round   would  c o n t a i n   hard   o b j e c t s   with  sharp   e d g e s ,  

such  as  p i e c e s   of  rock .   For  s i m i l a r   r e a s o n s ,   the  known  anode  e l e -  

ment  is  not  s u i t a b l e   as  a  s u c c e e d i n g   e l e m e n t   to  be  d r i v e n   i n t o   a  

s h a f t   a l r e a d y   p r e s e n t ,   as  a  r e s u l t   of  an  anode  e l ement   p r e v i o u s l y  

d r i v e n   i n t o   the   g round .   The  c o n n e c t i n g   c a b l e   of  each  anode  e l e m e n t  

p r e v i o u s l y   d r i v e n   in,   w i l l   then   a l m o s t   c e r t a i n l y   be  damaged  b y  

each  anode  e l e m e n t   s u b s e q u e n t l y   d r i v e n   i n t o   t h e  s a m e   s h a f t .  

In  o r d e r   to  o b t a i n   a  g r e a t e r   c u r r e n t   d e n s i t y   of  the   core   o r  

rod  p r o v i d e d   w i t h i n   the  tube  and  to  e x t e n d   the  u s e f u l   l i f e   of  t h e  

anode  e l emen t   d u r i n g   i t s   use  w i t h i n   the  g round ,   nowadays  a  rod  i s  



p r e f e r r e d   c o n s i s t i n g   of  a n o t h e r   m a t e r i a l ,   for   i n s t a n c e   s i l i c o n  

i r o n ,   which  in  a d d i t i o n   can  be  e a s i l y   c a s t   i n t o   a  d e s i r e d   fo rm 

and  s u b s e q u e n t l y   mach ined ,   However,  a  rod  formed  from  such  a  ma- 

t e r i a l   h a v i n g   i n i t i a l   d i m e n s i o n s   c o r r e s p o n d i n g   to  a  d e s i r e d  c u r r e n t  

d e n s i t y   and  l i f e t i m e   t h e r e o f   is  r e l a t i v e l y   heavy  wi th   r e s p e c t   t o ' t h e  

rod  used  in  the  known  anode  e l e m e n t .   The  d i s k - s h a p e d   s e a l i n g   member 

used  in  the   d u l l   e x t r e m i t y   e n s u r i n g   a  m e c h a n i c a l   and  e l e c t r i c a l   c o n -  

n e c t i o n   be tween   the  c o n n e c t i n g   c a b l e ,   the   rod  and  the  i n n e r   wal l   o f  

the  tube   i s ,   t h e r e f o r ,   not  s u f f i c i e n t l y   s u i t e d   to  accommodate   t h e r e -  

in  an  end  of  a  r e l a t i v e l y   heavy  rod.   If   d r i v i n g   the  anode  e l e m e n t  

would  t a k e   p l a c e   by  means  of  an  i m p a c t o r ,   which  would  be  d e s i r a b l e  

for   deep  p e n e t r a t i o n ,   t h e r e   would  be  the  danger   of  b r e a k i n g   t h e  

m e c h a n i c a l   a n d / o r   e l e c t r i c a l   c o n n e c t i o n .  

A l t h o u g h   a  rod  of  s i l i c o n   i r on   is  l e s s   b r i t t l e   than  a  r o d  

of  g r a p h i t e ,   t h e r e   would,  when  u s i n g   a  rod  of  s i l i c o n   i r on   in  t h e  

known  a n o d e ' e l e m e n t ,   s t i l l   be  the  danger   of  the  rod  b r e a k i n g   d u r i n g  

i m p a c t i n g ,   t hus   r e s u l t i n g   in  a  s m a l l e r   e f f i c i e n c y   and  s h o r t e r   u s e -  

ful   l i f e t i m e .   This   is  due  to  the  f a c t   t h a t   in  the  case  of  the  known 

anode  e l e m e n t   the   rod  is  c o n n e c t e d   r e l a t i v e l y   r i g i d l y   to  the  t u b e  

by  means  of  the  d i s k - s h a p e d   s e a l i n g   member.  The  danger   of  c r a c k i n g  

or  b r e a k i n g   is  then  g r e a t e r   to  the  e x t e n t   t h a t   a  g r e a t e r   f o r c e   o f  

impact   is  to  be  e x e r t e d   upon  the  d u l l   tube   e x t r e m i t y ,   for   e x a m p l e ,  

when  d r i v i n g   the   e l ement   i n t o   the  ground  over   a  r e l a t i v e l y   l a r g e  

d i s t a n c e   a n d / o r   when  the  e a r t h   is  rocky   a n d / o r   the  anode  e l e m e n t  

would  be  a d a p t e d   to  be  d r i v e n   in  c o n j u n c t i o n   with  s e v e r a l   o t h e r s  

in  a  l i n e .  

German  P a t e n t   No.  2 , 2 0 7 , 0 6 1   i s s u e d   to  DALE,  OLAV  TUMBA, 

on  August   31,  1972,  d i s c l o s e s   an  anode  e l emen t   c o n s i s t i n g   of  a  

tube   hav ing   a  p o i n t e d   e x t r e m i t y   in  which  t h e r e   is  c e n t r a l l y   d i s p o -  

sed  a  rod,   f o r   example  of  copper ,   e x t e n d i n g   from  the   one  e x t r e m i t y  



to  t he   o t h e r   e x t r e m i t y .   In  the   tube   p o i n t   a r e a ,   the   rod  i s   c e n t e r -  

ed  in  a  p l a s t i c   c e n t e r i n g   p i e c e ,   and  at  the   d u l l   e x t r e m i t y   of  t h e  

t u b e   the   rod  i s   c o n t a i n e d   in  a  d i s k - s h a p e d   s e a l i n g   of  i n s u l a t i n g ,  

h a r d e n e d   m a t e r i a l .   The  f i l l i n g   m a t e r i a l   p r o v i d e d   w i t h i n   the  t u b e  

c o n s i s t s   of  a  h a r d e n e d   m i x t u r e   of  for   i n s t a n c e   50%  epoxy  r e s i n   a n d  

50%  g r a p h i t e   powder .   The  c o n n e c t i n g   c a b l e   c o n n e c t e d   to  the   rod  i n  

the   d i s k - s h a p e d   s e a l i n g   member  is  r o u t e d   a l i g n e d   wi th   the   rod  o u t  

of  the   d u l l   e x t r e m i t y   of  the   t u b e .   To  a f f o r d   d r i v i n g   t h i s   known 

a n o d e   e l e m e n t   i n t o  t h e   g round   by  means  of  an  i m p a c t o r ,   an  a d a p t o r  

is   p l a c e d   ove r   the   d u l l   e x t r e m i t y   of  the   t u b e ,   the   a d a p t o r   b e i n g  

p r o v i d e d   in  l o n g i t u d i n a l   d i r e c t i o n   wi th   a  s l o t   fo r   c a b l e   p a s s a g e .  

In  o r d e r   to  p r o t e c t   the   c a b l e   over   the  e n t i r e   s h a f t   l e n g t h   above  t h e  

anode  e l e m e n t ,   w h i l e   the  l a t t e r   is  be ing   d r i v e n ,   the   a d a p t o r   l e n g t h  

s h o u l d   be  at  l e a s t   e q u a l   to  the  l e n g t h   of  the  p o r t i o n   of  the   s h a f t  

which  is   a t t a i n e d   when  the   anode  e l emen t   r e a c h e s   i t s   f i n a l   p o s i t i o n .  

C o n s e q u e n t l y ,   d r i v i n g   the  anode  e l e m e n t   i n t o   the  g round   over   a  l a r g e  

d i s t a n c e   r e q u i r e s   an  a d a p t o r   h a v i n g   an  i m p r a c t i c a l   l e n g t h .   S a i d  

known  anode  e l e m e n t   is  not  s u i t a b l e   e i t h e r   to  be  p l a c e d ,   p o s s i b l y  

u s i n g   the   a d a p t o r ,   a f t e r   an  anode  e l emen t   p r e v i o u s l y   p l a c e d   i n t o  

the   same  s h a f t ,   b e c a u s e   in  such  even t   the  c o n n e c t i n g   c a b l e   of  e a c h  

p r e v i o u s l y   p l a c e d   anode  e l e m e n t   is  a lmos t   c e r t a i n   to  be  d a m a g e d  

w h i l e   a  s u b s e q u e n t   anode  e l emen t   is  be ing   d r i v e n   in .   S ince   t h e  

e n t i r e   anode  e l e m e n t   ma in ly   c o n s i s t s   of  u n d e f o r m a b l e ,   m u t u a l l y   i m -  

movab le   m a t e r i a l ,   the  known  anode  e l e m e n t   is  not  s u i t a b l e   e i t h e r  

for   a  rod  to  be  used  which  c o n s i s t s   of  r e l a t i v e l y   b r i t t l e   m a t e r i a l ,  

such  as  s i l i c o n   i r o n .   For,   d u r i n g   the  d r i v i n g   of  the  anode  e l e m e n t ,  

the   rod  cou ld   c r a c k ,   as  a  r e s u l t   of  which  the  e f f i c i e n c y   and  u s e -  

fu l   l i f e t i m e   of  the   e l emen t   would  be  r e d u c e d .  



In  a d d i t i o n ,   each  of  the  known  anode  e l e m e n t s   d e s c r i b e d  

h e r e i n b e f o r e   has  the  drawback  t h a t   the  d i s k - s h a p e d   s e a l i n g   member  

c o n s i s t s   of  a  m a t e r i a l   t h a t   is  g a s - i m p e r m e a b l e ,   which  impedes   p r o -  

per  f u n c t i o n i n g   of  the  anode  e l e m e n t .  

SUMMARY  OF  THE  INVENTION 

I t   i s   a  main  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  e l i m i n a t e  

the  d rawbacks   c i t e d   h e r e i n b e f o r e .  

The  anode  e l ement   a c c o r d i n g   to  t h i s   i n v e n t i o n   d i f f e r s   i n  

p a r t i c u l a r   from  the   known  anode  e l e m e n t s   f i r s t   d e s c r i b e d ,  i n   t h a t  

the  rod  is   d i s p o s e d   w i t h i n   the  f i l l i n g   m a t e r i a l   in  a  somewha t  

a x i a l l y   movable  manner ,   whi le   d u r i n g   the  d i s p l a c e m e n t   of  s a i d   r o d  

the  c o n n e c t i n g   c a b l e   in  the  v i c i n i t y   of  the   c o n n e c t i o n   t h e r e o f  

with  the  rod,   is   c a p a b l e   of  moving  a long   and  the  o u t e r   wal l   of  t h e  

tube  i n c l u d i n g   the  e x t r e m i t i e s   is  s u b s t a n t i a l l y   smooth  in  a x i a l  

d i r e c t i o n ,   s a i d   o u t e r   wal l   of  the  tube   be ing   p r o v i d e d   wi th   a  p i p e  

having  a  s m a l l e r   d i a m e t e r   than  t h a t   of  the   tube ,   sa id   p ipe   e x t e n d i n g  

p a r a l l e l   to  the  c e n t e r   l i n e   of  the  tube   from  the  pa s sage   to  t h e  

o t h e r   e x t r e m i t y   of  the  tube ,   the  c o n n e c t i n g   cab le   e x t e n d i n g   o u t -  

s ide   the  tube  from  the  pa s sage   t h r o u g h   the  p i p e .  

S ince   the  rod  is  not  r i g i d l y   j o i n e d   to  the  tube  d u r i n g   t h e  

d r i v i n g   of  the  anode  e l e m e n t ,   i t   is  c a p a b l e   of  d i s p l a c e m e n t   w i t h i n  

the  g r a n u l a r  f i l l i n g   m a t e r i a l   t o g e t h e r   with  the  cab le   c o n n e c t i o n  

p a r t ,   as  a  r e s u l t   of  the   mass  i n e r t i a   of  the   rod.   Thus,  rod  c r a c k  

f o r m a t i o n   is   p r e v e n t e d   to  a  l a r g e   e x t e n t .  

The  p ipe   h a v i n g   a  r e l a t i v e l y   sma l l   d i a m e t e r   which  is   p r o -  

v ided   on  the  o u t e r   wa l l   of  the   tube  and  t h r o u g h   which  e x t e n d s   t h e  

c o n n e c t i n g   c a b l e   forms,   du r ing   the  d r i v i n g   of  the  anode  e l e m e n t  

i n t o   the  ground,   a  groove  in  which  the  c a b l e   can  be  led  d u r i n g  



i m p a c t i n g .   As,  in  a d d i t i o n ,   the  r e a r   e x t r e m i t y   of  the   tube   i s  

s u b s t a n t i a l l y   smooth ,   damage  to  the  c o n n e c t i n g   cab le   c a u s e d d u r i n g  

the   d r i v i n g   of  the   anode  e l emen t   is  r e d u c e d   to  a  minimum.  W h i l e  

the   anode  e l e m e n t   i s   b e i n g   d r i v e n   i n t o   the  ground  in  v e r t i c a l  

d i r e c t i o n ,   i t   may  be  n e c e s s a r y   to  keep  the  c o n n e c t i n g   c ab l e   t a u t  

in  the   g roove   so  f o r m e d .   The  anode  e l emen t   a c c o r d i n g   to  the  p r e -  

s en t   i n v e n t i o n ,   h o w e v e r ,   is   a l so   a d a p t e d   to  be  d r i v e n   i n t o   t h e  

ground   in  any  o t h e r   d i r e c t i o n .   From  the   b e g i n n i n g   of  the   d r i v i n g  

o p e r a t i o n ,  i t  i s  t h e n  p r e f e r r e d   to  p o s i t i o n   the   tube  r o t a t i o n a l l y  

in  such  a  manner   t h a t   the   c o n n e c t i n g   c ab l e   cannot   s l i p   out  of  t h e  

groove   formed  d u r i n g   the   d r i v i n g   o p e r a t i o n .   This  a l so   e x h i b i t s   t h e  

a d v a n t a g e   of  the   anode   e l e m e n t   a c c o r d i n g   to  the  i n v e n t i o n   to  t h e  

e f f e c t   t h a t   i t   is   a d a p t e d   to  be  d r i v e n   a f t e r   an  anode  e l emen t   p r e -  

v i o u s l y   p l a c e d   i n t o   the   same  s h a f t   in  any  a r b i t r a r y   d i r e c t i o n .   By 

t u r n i n g   the  s u c c e s s i v e   t u b e s   over   a  c e r t a i n   ang le   r e l a t i v e   to  o n e  

a n o t h e r ,   the   r e s p e c t i v e   c o n n e c t i n g   c a b l e s   can  then  be  l ed   in  t h e i r  

own  g roove ,   t h u s   s u b s t a n t i a l l y   p r e v e n t i n g   them  from  be ing   d a m a g e d .  

The  anode  e l e m e n t   of  the  i n v e n t i o n ,   t h e r e f o r e ,   is   e x t r e m e -  

ly  a d a p t e d   to  be  i n s t a l l e d   i n t o   the  ground  in  a n y  p o s i t i o n   d e s i r e d ,  

v i a   a  s h a f t   r u n n i n g   in  any  d i r e c t i o n   d e s i r e d ,   for   example ,   v i a  

h o r i z o n t a l l y   r u n n i n g   s h a f t s   r e a c h i n g   u n d e r n e a t h   s t o r a g e   t a n k s  

which  may  have  a  d i a m e t e r   of  60  m,  and,  fo r   i n s t a n c e ,   v i a   s h a f t s  

r u n n i n g   h o r i z o n t a l l y   unde r   h a r d e n e d   ground  c o v e r i n g s ,   such  as  c o n -  

c r e t e   p a r k i n g   a r e a s .  

The  end  of  t he   p ipe   a t t a c h e d   to  the   o u t e r   wal l   of  the   t u b e  

c o u l c p e   somewhat  c u r v e d   t oward   the   p a s s a g e   means  and  p o s s i b l y   b e  

d e f l e c t e d   to  a  p o i n t   w i t h i n   s a id   p a s s a g e   means.  In  o r d e r   to  o b t a i n  

the   groove   to  be  fo rmed   wi th   the  p ipe   d u r i n g   the  d r i v i n g   o p e r a t i o n  



with  l e s s   r e s i s t a n c e , h o w e v e r ,   and  to  p r e v e n t   as  much  as  p o s s i b l e  

the  p ipe   from  b e i n g   damaged  at  the   p a s s a g e   means,  i t   i s  p r e f e r r e d  

t h a t   be tween   the   p a s s a g e   and  the  one  e x t r e m i t y   of  the   tube   on  t h e  

o u t e r   wa l l   of  t he   t u b e ,   t h e r e   is  p r o v i d e d   a  p r o t r u s i o n   whose  s e c t i o n  

i n c r e a s e s   g r a d u a l l y   from  the  one  e x t r e m i t y   u n t i l   r e a c h i n g   a p p r o x i -  

ma te ly   the   c r o s s - s e c t i o n   of  the  p i p e .  

P r e f e r a b l y ,   the   anode  e l e m e n t   is  such  t h a t   the   p ipe   e x -  

t e n d s   t h r o u g h   the   p a s s a g e   to  the   i n t e r i o r   of  the  t u b e ,   and  t h e  

p o r t i o n   w i t h i n   the  tube   is  g r a d u a l l y   d e f l e c t e d   in  the  d i r e c t i o n  

of  the  p o i n t   of  c o n n e c t i o n   of  the  c o n n e c t i n g   c a b l e   to  the  r o d .  

This  a f f o r d s   l e a d i n g   the  c o n n e c t i n g   c a b l e ,   in  a  s imple   manner   by  

us ing   a  p u l l i n g   c a b l e ,   from  the  o u t s i d e   of  the  tube   i n t o   the   p i p e  

and  from  t h e r e   i n t o   the  i n t e r i o r   of  the  tube   and  then  a g a i n   to  t h e  

o u t s i d e   of  the   t u b e ,   as  a  r e s u l t   of  which  the  c o n n e c t i n g   c a b l e   c a n  

be  e a s i l y   f a s t e n e d   to  the  rod  and  s u b s e q u e n t l y ,   a f t e r   the   t ube   h a s  

been  p a r t i a l l y   f i l l e d   wi th   the  f i l l i n g   m a t e r i a l ,   can  be  b r o u g h t  

back  i n t o   the   p o s i t i o n   as  d e s i r e d ,   w i t h i n  t h e   t u b e .   The  p a r t   o f  

the  c a b l e   at  t he   p o i n t   of  c o n n e c t i o n   t h e r e o f   to  the   rod  can  e a s i l y  

move  a long   wi th   the   rod  wh i l e   the  anode  e l emen t   is   b e i n g   d r i v e n ,  

if   the  c o n n e c t i n g   c a b l e   t r a c k s   a  cu rved   pa th   in  the   v i c i n i t y   o f  

the  p o i n t   of  c o n n e c t i o n   of  the  c o n n e c t i n g   cab le   to  the  r o d .  

A l t h o u g h   the  rod  shou ld   be  c a p a b l e   of  d i s p l a c e m e n t   w i t h i n  

the  f i l l i n g   m a t e r i a l   over   a  r e l a t i v e l y   s h o r t   d i s t a n c e ,   i t   is  d e -  

s i r a b l e   t h a t   the   maximum  d i s p l a c e m e n t   d i s t a n c e   a r i s i n g   as  a  r e s u l t  

of  the  r e l a t i v e l y   heavy  we igh t   of  the   rod  is  l i m i t e d .   This   o b j e c t  

is  a t t a i n e d   a c c o r d i n g   to  the   i n v e n t i o n   in  t h a t   w i t h i n   the  t u b e  

t h e r e   are  p r o v i d e d   one  or  s e v e r a l   d i s k s   e x t e n d i n g   r a d i a l l y   w i t h  

r e s p e c t   to  the   c e n t e r   l i n e   of  the   t u b e ,   each  be ing   p r o v i d e d   w i t h  

an  o p e n i n g   t h r o u g h   which  the  rod  is  f i t t e d ,   the  r o d  b e i n g   p r o v i d e d  



with   a  t h i c k e n e d   p o r t i o n   r e s t i n g   a g a i n s t   one  of  the   d i s k s   on  t h e  

s ide   of  t he   one  e x t r e m i t y   of  the   t u b e .  

The  anode  e l e m e n t   of  the   i n v e n t i o n   is  we l l   r e s i s t a n t   t o  

the  s h o c k s   p r o d u c e d   d u r i n g   the  d r i v i n g   with  an  i m p a c t o r ,   so  t h a t ,  

in  o t h e r   words ,   i t   i s   a d a p t e d   to  be  d r i v e n   i n t o   the  ground  s i m u l -  

t a n e o u s l y   wi th   s e v e r a l   o t h e r   anode  e l e m e n t s .   To  t h i s   end,  t h e  

anode  e l e m e n t   of  the   p r e s e n t   i n v e n t i o n   is   p r e f e r a b l y   formed  s u c h ,  

t h a t   a  s p a c e   i s   p r o v i d e d   w i t h i n   the  tube   be tween   the  edge  of  t h e  

o t h e r   e x t r e m i t y   t h e r e o f   and  the  f i l l i n g   m a t e r i a l ,   s a i d   space   b e i n g  

a d a p t e d   fo r   r e c e i v i n g   t h e r e i n   the   p o i n t e d   e x t r e m i t y   of  the   t u b e  

of  a n o t h e r   anode  e l e m e n t .   Sa id   space   is  a l s o   s u i t a b l e   for   r e c e i v i n g  

t h e r e i n   t he   somewhat  p o i n t - s h a p e d   e x t r e m i t y   of  a  ram  c y l i n d e r ,   a l s o  

o f t e n   r e f e r r e d   to  as  g round   r o c k e t ,   which  is  p r e f e r a b l y   to  be  u s e d  

fo r   the   d r i v i n g   o p e r a t i o n   and  which  a d v a n c e s   i t s e l f   w i t h i n   t h e  

s h a f t   in  a  p u l s a t i n g   manner  as  c o n t r o l l e d   v i a   f l e x i b l e   p r e s s u r e  

t u b e s .  

A c t u a l l y ,   the   d i s k - s h a p e d   s e a l i n g   member  i s   to  be  p r e s e n t  

only   when  the   anode  e l e m e n t   is  in  t r a n s i t   on  i t s   way  to  the  l o c a t i o n  

where  i t   i s   to  be  d r i v e n   i n t o   the   g round ,   so  as  to  p r e v e n t   the  f i l l -  

ing  m a t e r i a l   from  p o u r i n g   out  of  the   t u b e .   If   the   d i sk   i s   not  g a s -  

p e r m e a b l e ,   i t   is   to  be  removed  s u b s e q u e n t l y   out  of  the   tube   in  o r -  

der  to  e n s u r e   p r o p e r   f u n c t i o n i n g   of  the  anode  e l e m e n t .   Howeve r ,  

the   d i s k - s h a p e d   s e a l i n g   member  can  a l so   be  such  t h a t   i t   is  g a s -  

p e r m e a b l e ,   so  t h a t   i t   can  be  l e f t   in  p l a c e   w i t h i n   the   tube   f r o m  

the   moment  of  m a n u f a c t u r e   of  the  anode  e l e m e n t .  

In  o r d e r   to  be  a b l e   to  f i x   the  rod  w i t h i n   the   tube   in  a  

s u f f i c i e n t l y   s u p p o r t e d   r e l a t i o n s h i p   in  a x i a l   d i r e c t i o n ,   i t   is  p r e -  

f e r r e d   to  s u p p l y   the   f i l l i n g   m a t e r i a l   in  a  weak  aqueous   s o l u t i o n  



w i t h i n   the  tube   d u r i n g   the  a n o d e - e l e m e n t   m a n u f a c t u r i n g   p r o c e s s ,  

and  to  have,   t h e r e u p o n   a n d / o r   d u r i n g   the  f i l l i n g   o p e r a t i o n ,   t h e  

w a t e r   d r a i n   o f f   t h r o u g h   o p e n i n g s   formed  in  the  p o i n t e d   e x t r e m i t y  

of  the  t u b e .   There   w i l l   then   occur   s u i t a b l e  t h i c k e n i n g   of  t h e  

f i l l i n g   m a t e r i a l .   A f t e r   p l a c i n g   the   anode  e l emen t   i n t o   the  g r o u n d  

in  the  p o s i t i o n   as  d e s i r e d ,   the  same  o p e n i n g s   w i l l   a l l ow  g r o u n d -  

w a t e r   to  f low  i n t o   the   t u b e ,   thus   e n h a n c i n g   p r o p e r   f u n c t i o n i n g  

of  the   anode  e l e m e n t   as  a  r e s u l t   of  e l e c t r o l y t i c   a c t i o n .  

SURVEY  OF  THE  DRAWING 

The  d r awing   is   a  s e c t i o n a l   view  of  an  embodiment   of  t h e  

anode  e l e m e n t   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  anode  e l e m e n t   c o m p r i s e s   a  p r e f e r a b l y   s e a m l e s s   m e t a l  

tube   1  hav ing   a  p o i n t e d   or  s p h e r i c a l   f r o n t   e x t r e m i t y   2  and  a  r e a r  

e x t r e m i t y   3.  W i t h i n   the  tube   1  t h e r e   is  d i s p o s e d   a long   the  a x i s  

of  symmetry  t h e r e o f   a  me t a l   anode  rod  4  hav ing   a  f r o n t   end  5  a n d  

a  r e a r   end  6.  The  f r o n t   end  5  has  a  l a r g e r   s e c t i o n   than   the   r e m a i n -  

der  of  the   rod  4.  Between  the  ends  5 ,6   of  the  rod  4  t h e r e   are   p r o -  

v i d e d   two  c e n t e r i n g   r i n g s   7,  8  of  i n s u l a t i n g   m a t e r i a l ,   the   o p e n i n g  

of  the  r i n g   7  be ing   s m a l l e r   than   the   s e c t i o n   of  the  t h i c k   f r o n t  

end  5  of  the  rod  4.  An  i n s u l a t e d   c a b l e   10  is   e l e c t r i c a l l y   c o n n e c t e d  

to  the  f r o n t   end  5  of  the   rod  4  for   i n s t a n c e   by  means  of  a  s c r e w  

9.  As  can  be  seen ,   the   head  of  the  screw  9  and  the  e l e c t r i c a l   c o n -  

n e c t i o n   pa r t   of  the   c a b l e   10  may  be  r e c e s s e d   w i t h i n   the  t h i c k   f r o n t  

end  5  of  the  rod  4.  A f t e r   c o n n e c t i n g   the  c a b l e   10  to  the   rod  4,  a  

r i n g   11  is  f i t t e d   a round   the  f r o n t   end  5,  whereupon  the  s p a c e  

bounded  by  the  r i n g   11  and  the  f r o n t   end  5,  is   f i l l e d   wi th   i n s u -  



l a t i n g   m a t e r i a l   12,  such  as  epoxy  r e s i n .  

On  the  o u t e r   w a l l   of  tube   1,  t h e r e   is   p r o v i d e d ,   p a r a l l e l  

to   the   a x i s   of  t he   t u b e   1,  a  s t r a i g h t   p ipe   13  hav ing   a  r e l a t i v e l y  

s m a l l   d i a m e t e r .   In  the   v i c i n i t y   of  the   f r o n t   e x t r e m i t y   2  the  p i p e  

13  has  a  U - b e n d   15  l ed   t h r o u g h   a  p a s s a g e   14  p r o v i d e d   in  the  t u b e  

1  and  p r e f e r a b l y   h a v i n g   a  f l a r i n g   end  16.  The  c o n n e c t i n g   c ab l e   10 

is   r o u t e d   from  the   p o i n t   of  c o n n e c t i o n   to  t he   rod  4  via   the  p i p e  

13  to  the  o u t s i d e   of  t he   p ipe   13.  The  i n n e r   d i a m e t e r   of  the  p i p e  

13  is  j u s t   a  l i t t l e   l a r g e r   than  the  d i a m e t e r   of  the   cab le   10 .  

In  c l o s e   p r o x i m i t y   to  the   p a s s a g e   14,  on  the  o u t e r   w a l l  

of  the   tube   1,  a l o n g   the   a x i s   of  p ipe   13,  a  p r o t r u s i o n   17  has  b e e n  

formed whose  s e c t i o n   i n c r e a s e s   g r a d u a l l y   from  the   f r o n t   e x t r e m i t y  

2  of  t he   tube   1  in  t he   d i r e c t i o n   of  the   p a s s a g e   14  u n t i l   r e a c h i n g  

p r e f e r a b l y   at  l e a s t   t he   c r o s s - s e c t i o n   of  p ipe   1 3 .  

The  space   w i t h i n   the  tube   1  i s   f i l l e d   wi th   g r a n u l a r   c o k e  

m a t e r i a l   18  whose  a v e r a g e   g r a i n   s i z e   may  be  a p p r o x i m a t e l y   1  cm  a n d  

which  is  t h i c k e n e d   d u r i n g   the   m a n u f a c t u r e   of  the   anode  e l ement   a s  

w a t e r   i s   be ing   s u p p l i e d   v i a   the   r e a r   e x t r e m i t y   3  of  the  tube  1 .  

D u r i n g   the  m a n u f a c t u r e   of  the   anode  e l e m e n t ,   the   tube  1  is  v e r t i -  

c a l l y   p o s i t i o n e d   wi th   the   p o i n t e d   or  s p h e r i c a l   f r o n t   e x t r e m i t y   2  

d i r e c t e d   downwardly   and  the  wa t e r   b e i n g   s u p p l i e d   i s   d i s c h a r g e d   v i a  

s e v e r a l   smal l   o p e n i n g s   19  p r o v i d e d   in  the   f r o n t   e x t r e m i t y   2 .  

The  tube   1  f i l l e d   wi th   coke  18  is  p r e f e r a b l y   c l o s e d   o f f  

by  means  of  a  d i sk   20  which  is  i m p e r v i o u s   to  the   coke  18,  so  t h a t  

when  the  tube  1  is   in  t r a n s i t   no  coke  18  can  pour  out  of  the  t u b e  

1.  If   the   d isk   20  is  g a s - i m p e r m e a b l e ,   i t   must  be  removed  from  t h e  

tube   d i r e c t l y ,   p r i o r   to  b r i n g i n g   the  anode  e l e m e n t   i n to   the  g r o u n d .  

However ,   the  d i sk   20  can  a l s o   be  composed  of  a  po rous   g a s - i m p e r m e a b l e  



m a t e r i a l ,   so  t h a t   t h e r e   is  no  need  for   s u b s e q u e n t   removal   once  i n -  

s t a l l e d   w i t h i n   the  t ube   1,  so  t h a t   in  t h i s   case   the  gas  be ing   d e -  

v e l o p e d   d u r i n g   o p e r a t i o n   in  the  v i c i n i t y   of  the   anode  rod  4  c a n  

l e a v e   the  tube   1  v i a   the   coke  m a t e r i a l   18  and  the   d i sk   2 0 .  

The  c a b l e   10  i s   ve ry   much  s l a c k e n e d ,   for   i n s t a n c e ,   by  m e a n s  

of  a  number  of  l o o p s   in  the  a rea   between  the   p o i n t   of  c o n n e c t i o n  

t h e r e o f   to  the   rod  4  and  the  end  16  of  the   p ipe   13 .  

The   anode  e l e m e n t   as  shown  in  the  f i g u r e   i s   a d a p t e d   to  b e  

l o w e r e d   at  a  c a b l e   i n t o   a  s h a f t   p r e v i o u s l y   d r i l l e d   or  j e t t e d   i n t o  

the  g round .   The  anode  e l e m e n t   is  a l so   s u i t a b l e   to  be  pushed  f o r w a r d -  

ly  i n t o   a  h o r i z o n t a l   or  i n c l i n e d ,   r i s i n g   s h a f t   p r e v i o u s l y   f o r m e d .  

However,  t he   anode  e l emen t   as  shown  is  p a r t i c u l a r l y   i n t e n d e d  

to  be  s u i t a b l e   to  be  d r i v e n   i n t o   the  ground  in  any  d e s i r e d   d i r e c t i o n  

by  means  of  an  i m p a c t o r   a c t i n g   upon  the  r e a r   e x t r e m i t y   3  of  t h e  

tube   1,  i . e .   w i t h o u t   p r i o r   fo rming   of  a  s h a f t   i n t o   the   ground  f o r  

the   p a s s a g e   of  the   anode  e l e m e n t .   The  i m p a c t o r   may  c o n s i s t   of  a  p i l e  

d r i v e r ,   but  p a r t i c u l a r l y   c o n s i s t s   of  a  r a m  c y l i n d e r   ( o f t e n   c a l l e d  

ground   r o c k e t ) ,   known  per   se,  which  has  on  i d e n t i c a l   or  s l i g h t l y  

l a r g e r   c r o s s - s e c t i o n   than   the  c r o s s - s e c t i o n   of  the   tube   1  and  w h i c h ,  

p l a c e d   beh ind   the  tube   1,  e x e r t s   a  p u l s a t i n g   f o r c e   upon  the  t ube   1 

and  moves  i t s e l f   t h r o u g h   the  s h a f t   which  is  formed  by  the   f o r w a r d -  

ly  d r i v e n   tube  1.  S i n c e ,   as  d e s c r i b e d ,   the  o p e n i n g   of  the  r i n g   7  

is   s m a l l e r   than  the  s e c t i o n   of  the  widened  f r o n t   end  5  of  the  a n o d e  

rod  4,  the  d i s p l a c e m e n t   of  the  rod  4  in  the  d i r e c t i o n   of  the   r e a r  

e x t r e m i t y   3  of  the  tube   1,  which  o c c u r s   as  a  r e s u l t   of  the   mass  i n -  

e r t i a   of  the  rod  4,  d u r i n g   i m p a c t o r   o p e r a t i o n ,   i s   l i m i t e d   b e c a u s e  

the  r i n g   7  is   made  to  move  a l o n g ,   which  c o r r e s p o n d s   to  a  g r e a t e r  

d i s p l a c e m e n t   r e s i s t a n c e .  



Since   the   c o n n e c t i n g   cab le   10  is  not  c o n n e c t e d   to  t h e  

r e a r   end  6  of  the   anode   rod  4  and  from  t h e r e   d i r e c t l y   to  the  r e a r  

e x t r e m i t y   3  of  the   t u b e   1,  but  i n s t e a d   is  c o n n e c t e d   to  the  f r o n t  

end  5  of  the  anode  rod  4,  and  s i nce ,   in  the   a r e a   between  t h i s  

p o i n t   of  c o n n e c t i o n   and  the   end  16  of  the   p ipe   13,  the  c ab l e   i s  

s l a c k e n e d ,   damage  to  s a i d   p o i n t   of  c o n n e c t i o n ,   in  p a r t i c u l a r   d a -  

mage  to  the  i n s u l a t i o n ,   which  could   cause   r a p i d   c o r r o s i o n   of  t h e  

m e t a l   c ab l e   c o r e ,   as  w e l l   as  r u p t u r e   of  the   c a b l e   10  due  to  t h e  

o p e r a t i o n   of  an  i m p a c t o r   a c t i n g   upon  the   t ube   1,  are  p r e v e n t e d .  

The  p r o t r u s i o n   17  s e r v e s   to  p r o t e c t   the   pipe  13,  which  i s  

g e n e r a l l y   t h i n - w a l l e d ,   a g a i n s t   damage,  for   i n s t a n c e   caused   by  r o c k s ,  

w h i l e   the  a n o d e  e l e m e n t   is   be ing   d r i v e n   i n t o   the  g r o u n d .  

In  b r i n g i n g   the   anode  e l ement   i n t o   the   ground,   the   p r o -  

t r u s i o n   17  and  the   p ipe   13  w i l l   form  a  g roove   i n t o   the  s h a f t   f o r m e d  

by  the   tube   1,  so  t h a t ,   by  k e e p i n g   the  c a b l e   10  of  an  anode  e l e m e n t  

p r e v i o u s l y   p l a c e d   t a u t   i n t o   the   groove  formed  by  t h i s   anode  e l e m e n t ,  

i t   is  p o s s i b l e   to  p l a c e   a n o t h e r   anode  e l e m e n t   beh ind   the  a n o d e  

e l e m e n t   p r e v i o u s l y   p l a c e d ,   w i t h o u t   the  p o s s i b i l i t y   of  damage  b e i n g  

c a u s e d   by  the   l a s t   anode  e l emen t   to  the   c o n n e c t i n g   c a b l e s .  

In  a  p r a c t i c a l   embodiment   of  the   anode  e l ement   a c c o r d i n g  

to  the   i n v e n t i o n ,   t he   tube   1  is  a  s e a m l e s s   s t e e l   tube  hav ing   a  t o t a l  

l e n g t h   of  2  m,  a  c r o s s - s e c t i o n   of  127.5  mm,  and  a  t h i c k n e s s   of  4  mm, 

the  p o i n t e d   or  s p h e r i c a l   f r o n t   e x t r e m i t y   2  hav ing   a  l e n g t h   of  a p -  

p r o x i m a t e l y   200  mm.  The  anode  rod  4  c o n s i s t s   of  s i l i c o n   c a s t   i r o n  

( S i F e ) ,   and  has  a  l e n g t h   of  1  m,  and  is  d i s p o s e d   s y m m e t r i c a l l y   i n  

the   c e n t e r   of  the   t ube   1.  A f t e r   b r i n g i n g   the   anode  e lement   i n t o   t h e  

g round ,   the  s t e e l   t u b e   1  w i l l   d i s i n t e g r a t e   a f t e r   s e v e r a l   y e a r s ,  

due  to  c o r r o s i o n   d e p e n d i n g   on  the  c u r r e n t   d e n s i t y ,   which,  h o w e v e r ,  



does  not  i m p a i r   p r o p e r   f u n c t i o n i n g   of  the  anode  e l e m e n t .  

As  shown  in  the  f i g u r e ,   the   r e a r   e x t r e m i t y   3  of  the  t u b e  

1  has  a  space   between  the  d i sk   member  20  and  the  end  edge  of  t h e  

tube   1  at  the   r e a r   e x t r e m i t y   3,  whose  d i m e n s i o n s   are  a d a p t e d   f o r  

r e c e i v i n g   t h e r e i n   the  p o i n t e d   e x t r e m i t y   2  of  a n o t h e r   tube   1,  s o  

t h a t   s e v e r a l   t u b e s   1  can  be  i n s e r t e d   i n t o   one  a n o t h e r   and  be  s i -  

m u l t a n e o u s l y   d r i v e n   i n t o   the  ground  by  the  i m p a c t o r   in  any  d i r e c -  

t i o n   as  d e s i r e d .   In  such  case ,   p r o p e r   a t t e n t i o n   s h o u l d   be  pa id   t o  

e n s u r e   t h a t   the  r e s p e c t i v e   p i p e s   13  of  t he   t u b e s   1,  and  so  l i k e -  

wise  the  groove   formed  by  the  p i p e s   13  i n t o   the  g round   wi th   t h e  

c o r r e s p o n d i n g   c o n n e c t i n g   c a b l e s   10  t h e r e i n ,   are  t u r n e d   over   an  

ang le   wi th   r e s p e c t   to  each  o t h e r .   In  s p i t e   of  the   f a c t   t h a t   t h e  

impac t   f o r c e   r e q u i r e d   w i l l   be  g r e a t e r   than  t h a t   needed  for   d r i v i n g  

a  s i n g l e   anode  e l ement   i n t o   the  g round ,   the  c h a n c e s   of  any  rod  4  

or  any  c a b l e   10  being  damaged  are  n e v e r t h e l e s s   s m a l l ,   t h a n k s   t o  

the  p a r t i c u l a r   f e a t u r e s   of  the  anode  e l emen t   a c c o r d i n g   to  t h e  

i n v e n t i o n .  

A f t e r   each  tube  1  has  been  b rough t   i n t o   i t s   p r o p e r   p o s i -  

t i o n ,   or  even  whi le   the  tube  is  be ing   d r i v e n   i n t o   the  g r o u n d ,  

g r o u n d w a t e r   can  p e n e t r a t e   i n t o   the  tube   1  v ia   the  o p e n i n g s   19 

formed  in  the  p o i n t e d   e x t r e m i t y   2,  thus   r e s u l t i n g   in  a  b e t t e r  

p e r f o r m a n c e   of  the  anode  e l e m e n t .  



1.  An  anode  e l emen t   fo r   use  in  a  c a t h o d i c   p r o t e c t i n g  

sys tem  and  p r o v i d e d   with  a  m e t a l   t u b e ,   the   one  e x t r e m i t y   of  w h i c h  

is   p o i n t e d   and  the   o t h e r   e x t r e m i t y   of  which  is  a d a p t e d   to  be  a c t e d  

upon  by  an  i m p a c t o r ,   an  e l e c t r i c a l l y   c o n d u c t i v e   rod  d i s p o s e d   w i t h i n  

the  t ube   a l i g n e d   wi th   the  c e n t e r   l i n e   of  the   tube   and  spaced   f r o m  

the  t ube   w a l l   and  hav ing   a  l e n g t h   s m a l l e r   than   the  t u b e ,   a  c o n n e c t -  

ing  c a b l e   c o n n e c t e d  t o   the   rod  and  e x t e n d i n g   to  the   o u t s i d e   of  t h e  

tube   v i a   a  p a s s a g e   p r o v i d e d   in  the  t ube   w a l l ,   and  a  q u a n t i t y   o f  

g r a n u l a r   c a r b o n - c o n t a i n i n g   f i l l i n g   m a t e r i a l   w i t h i n   the  tube ,   t h e  

f i l l i n g   m a t e r i a l   be ing   in  c o n t a c t   w i th   the   rod  and  wi th   the  t u b e  

w a l l ,   which  f i l l i n g   m a t e r i a l   can  be  kept   w i t h i n   the   tube   by  means  

of  a  d i s k - s h a p e d   s e a l i n g   p r o v i d e d   at  the   o t h e r   e x t r e m i t y   of  t h e  

t u b e ,   c  h  a  r  a c t   e  r  i  z  e  d   i  n  t  h   a  t  the   rod  (4)  is   d i s -  

posed  w i t h i n   the   f i l l i n g   m a t e r i a l   (18)  in  a  somewhat  a x i a l l y   mo- 

v a b l e   manner ,   w h i l e   d u r i n g   the  d i s p l a c e m e n t   of  the   rod  (4)  the  c o n -  

n e c t i n g   c a b l e   (10)  in  the   v i c i n i t y   of  the   c o n n e c t i o n   t h e r e o f   w i t h  

the  rod,   i s   c a p a b l e   of  moving  a l o n g ,   and  the  o u t e r   wal l   of  the  t u b e  

(1)  i n c l u d i n g   the   e x t r e m i t i e s   (2,  3)  i s   s u b s t a n t i a l l y   smooth  i n  

a x i a l   d i r e c t i o n ,   s a id   o u t e r   wa l l   of  the   tube   (1)  b e i n g   p r o v i d e d  

wi th   a  p ipe   (13)  having   a  s m a l l e r   d i a m e t e r   than   t h a t   of  the  t u b e  

(1 ) ,   s a i d   p i p e   (13)  e x t e n d i n g   p a r a l l e l   to  the  c e n t e r   l i n e   of  t h e  

tube   (1)  from  the   p a s s a g e   (14)  to  the  o t h e r   e x t r e m i t y   (3)  of  t h e  

tube   (1 ) ,   t he   c o n n e c t i n g   c a b l e   (10)  e x t e n d i n g   o u t s i d e   the  tube   ( 1 )  

from  the   p a s s a g e   (14)  t h r o u g h   the   p ipe   ( 1 3 ) .  

2.  An  anode  e l emen t   a c c o r d i n g   to  c la im  1,  c  h  a  r  a  c  t  e  r -  

i  z  e  d   i n  t h a t   be tween   the   p a s s a g e   (14)  and  the  one  e x -  



t r e m i t y   (2)  of  the   tube   (1)  on  the  o u t e r   wa l l   of  the  tube  ( 1 ) ,  

t h e r e   is  p r o v i d e d   a  p r o t r u s i o n   (17)  whose  s e c t i o n   i n c r e a s e s   g r a -  

d u a l l y   from  the  one  e x t r e m i t y   (2)  u n t i l   r e a c h i n g   a p p r o x i m a t e l y  

the  c r o s s - s e c t i o n   of  the   pipe  ( 1 3 ) .  

3.  An  anode  e l emen t   a c c o r d i n g   to  c l a im  1  or  2,  c  h  a  r  a  c -  

t  e  r  i  z  e  d   i n  t h a t   the  p ipe   (13)  e x t e n d s   t h rough   t h e  

p a s s a g e   (14)  to  the  i n t e r i o r   of  the  tube   (1 ) ,   and  the  p o r t i o n  

of  the  pipe  (13)  w i t h i n   the  tube   (1)  i s   g r a d u a l l y   d e f l e c t e d   in  t h e  

d i r e c t i o n   of  the   p o i n t   of  c o n n e c t i o n   of  the   c o n n e c t i n g   cab le   ( 1 0 )  

to  the  rod  ( 4 ) .  

4.  An  anode  e l emen t   a c c o r d i n g   to  c la im  1,  2  or  3,  c  h  a -  

r  a  c  t  e  r  i  z  e  d   i n  t h a t   the  c o n n e c t i n g   cab le   (10)  t r a c k s  

a  curved  path  in  the  v i c i n i t y   of  the  p o i n t   of  c o n n e c t i o n   of  t h e  

c o n n e c t i n g   c ab l e   (10)  to  the  rod  ( 4 ) .  

5.  An  anode  e l emen t   a c c o r d i n g   to  a n y  o n e   of  the  p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i z e d   i n  t h a t   w i t h i n  t h e  t u b e  

(1)  t h e r e   are  p r o v i d e d   one  or  s e v e r a l   d i s k s   (7,  8)  which  e x t e n d  

r a d i a l l y   with  r e s p e c t   to  the  c e n t e r   l i n e   of  the  tube  (1)  e a c h  

be ing   p r o v i d e d   with  an  open ing   t h r o u g h   which  the  rod  (4)  is  f i t t e d ,  

the  rod  (4)  be ing   p r o v i d e d   with  a  t h i c k e n e d   p o r t i o n   r e s t i n g   a g a i n s t  

one  of  the  d i s k s   (7,  8)  on  the  s i de   of  the  one  e x t r e m i t y   (2)  o f  

the  tube  ( 1 ) .  

6.  An  anode  e l ement   a c c o r d i n g   to  a n y  o n e   of  the  p r e c e d i n g  

c l a i m s ,   c  h  a  r  a  c  t  e  r  i  z  e  d   i  n  t  h  a  t  a   space  is  p r o v i d e d  

w i t h i n   the  tube  (1)  between  the  edge  of  the  o t h e r   e x t r e m i t y   ( 3 )  

t h e r e o f   and  the  f i l l i n g   m a t e r i a l ,   s a i d   space   being  adap t ed   f o r  



r e c e i v i n g   t h e r e i n   the  p o i n t e d   e x t r e m i t y   (2)  of  the   tube  (1)  o f  

a n o t h e r   anode  e l e m e n t .  

7.  An  anode  e l emen t   a c c o r d i n g   to  a n y  o n e   of  the  p r e c e d i n g  

c l a i m s ,   c  h  a  r  a  c  t   e  r  i  z  e  d   i  n  t  h   a  t  the  d i s k - s h a p e d  

s e a l i n g   member  (20)  i s  g a s - p e r m e a b l e .  

8.  An  anode  e l emen t   a c c o r d i n g   to  a n y  o n e   of  the   p r e c e d i n g  

c l a i m s ,   c  h  a  r  a  c  t  e  r   i  z  e  d   i  n  t  h   a  t  the   tube  (1)  i s  

p r o v i d e d ,   in  the  v i c i n i t y   of  the   one  e x t r e m i t y   (2)  t h e r e o f   w i t h  

s e v e r a l   o p e n i n g s   (19)  h a v i n g   d i a m e t e r s   chosen   such,   t h a t   t h e y  

s u b s t a n t i a l l y   impede  the  p a s s a g e   of  f i l l i n g   m a t e r i a l   (18)  t h e r e -  

t h r o u g h .  
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